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VARIATION IN TRACHEID LENGTH AND
WOOD DENSITY IN GEOGRAPHIC RACES
OF SCOTCH PINE*
INTRODUCTION

S

COTCH pine (Pinus sylvestris L.), also known as Baltic redwood
and yellow deal, is one of the most important commercial tree species
in Europe. It is a two-needle hard pine, of medium height, that has become
adapted to a wide range of climatic conditions, elevations, and soils. Dallimore and Jackson (1923), in discussing the species, stated with regard to its
identification, that "Pinus sylvestris may be distinguished from other twoleaved pines by its glaucous, twisted foliage, the reddish upper trunk, and
its characteristic habit in old age." Concerning its range they said, "The
Scots pine has a wider distribution than any other pine, being found wild
throughout Europe and western and northern Asia. It occurs on a great
variety of soils and in regions of the most diverse climates. In the British
Isles it is now only native in Scotland where the remains of a few natural
forests may still be found."
The natural boundaries have been described more exactly by other writers,
and there is a fairly general agreement on latitudes and longitudes, with the
exception of the extreme eastern limit of the Scotch pine range. Both
Dengler (1944) and Pilger (I926) place it somewhere near 150 degrees
east longitude. Figure I shows the natural range of Scotch pine in Europe
and Asia, based on a summary of the above papers and those of Mouillefert
(1898), Bean (1919), Wilde (1927), Gusuleac (1930), Steckhan (1943),
Koch (1946), Hustich (1948), LJ6fting (1951), and McLean and
Ivimey-Cook (1951).
The name "Scotch pine" is reputed to have been originated and spread
by the English (Schott, 1904). At the close of the seventeenth century
Scotland possessed extensive forests of old pine from which logs and spars
were placed on the markets in great quantities. The Scottish pine was also
in greatest demand and perhaps the best known tree species for ship masts,
so that the English, who had virtually exhausted suitable material from
their forests, provided a lively market for this pine. It became known as
"'A dissertation presented for the degree of Doctor of Philosophy in Yale University.
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"Scotch fir," not only locally but also in the outside world of trade. The
wood was soon recognized as pine, and of the same species as found in
Europe, and the name "Scottish pine" became generally accepted, even
after shipmasts and construction material of the same species began to appear in the world market from continental sources.
Throughout the extremely wide distribution of Scotch pine, many different growth forms have been recognized and associated with particular locations. The different forms were designated by various common names,
usually differing between widely separated provinces. Sixteenth and seventeenth-century naturalists assigned individual scientific names to the Scotch
pine races observed in their geographic areas, for example: Matthiolus,
Pinus sylvestris montana in 1577; Clusius, Pinaster in 1583; Bauhin, Pinus
genevensis in 1658 (Schott, 1904). The Swedish naturalist, Linnaeus
( 1753) used the name Pinus sylvestris for Scotch pine.
In 1803 Lambert's "Description of the genus Pinus" appeared, which
described the characteristics of Scotch pine, and pointed out the apparent
discrepancies in previous literature (Schott, 19°4). Lambert included all
of the morphological variants of Scotch pine in the one species, "Pinus
sylvestris Linne." For several years some writers continued to speak of two
or three separate species of Scotch pine, based on wood properties or physical
forms, attaching varieties to either or both. About the middle of the nineteenth century the varieties (or geographical races of today) P. sylvestris
bohemicae, helveticae, rigaensis, etc., began to suggest provenance. The
subspecific nomenclature appears to have very little taxonomic basis, because
varietal names were often assigned apparently for convenience in designating
the geographic location of particular groups of trees. In some cases the
stands were only a few miles apart. In other cases, however, not only were
the taxons widely separated geographically, but important morphological
variations were found. Many writers used the term "geographic race," or
simply "race," to indicate the morphological variants. The term was sanctioned by Stebbins (1950), who wrote, "There is no doubt that in plants,
as in animals, many species may be divided into races or groups of genetic
types which are adapted to the different ecological conditions found in
different parts of their ranges, and that these sub-divisions are separated
from each other by partial discontinuities in the variation pattern."
Although it is well known that the question of race and provenance
should be considered by anyone who plants trees, there are many factors
in addition to the physical appearance of trees which may affect the quality
3
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of the wood or the products manufactured from it. Two of these factors
are tracheid length and density or specific gravity of the wood. Investigations have been made of the density of wood in Scotch pine stems from a
limited number of provenances. The ages of the trees ranged from 20 to
more than 100 years, and emphasis was placed on older wood (Schwappach,
1897; Tiebe, 1940; Burger, 1941, 1948). No record was found of studies
in the variation of tracheid length in Scotch pines from different provenances,
nor of the relation between wood density and tracheid length based on
provenance.
Because of the desirability of exercising a certain measure Elf control over
the length of tracheids and the density of the wood in trees for commercial
plantings, the isolation and comparative analysis of these two physical characters in Scotch pine become important. They would not only indicate
desirable seed sources for the New England area, but would also make
possible a study of certain physiological relations. Among the latter are the
influence of latitude and day length, the relation of tracheid length to tree
height, and correlations with growth rate.
The investigation suggested above was undertaken in 1955 and completed
in 1956, with results which showed highly significant variations in tracheid
length and wood density in Scotch pine from different provenances in
Europe. Portions of the results may be applicable to some current problems,
while the entire study may be used as a basis for additional research in the
future.
A review of some of the basic terminology used in this paper may serve
to clarify the statements and the implications which will be encountered
from time to time. The definitions are generally considered standard, and
where qualifications occur they are explained.
BIOTYPE:

A group of individuals all of which possess the same
genetic constitution.

ECOTYPE:

A population distinguished by morphological and physiological characters, most frequently of a quantitative
nature; interfertile with other ecotypes of the ecospecies,
but prevented from freely exchanging genes by ecological barriers. Stebbins (1950) stated that the presence of two or more ecotypes of the same species is
expected in a single geographic region wherever several
ecological habitats available to the species occur. Also,
4

INTRODUCTION
the same ecotype may originate independently in different localities.
FORM

(or forma) : Variants which occur sporadically in a species population irrespective of the degree of morphological variation or constancy. The significant criterion is that of no
geographical discontinuity.

GENOTYPE:

The sum total of all the genes present in the individual,
representing the entire genetic constitution, expressed
and latent, of a plant or other organism.

PHENOTYPE:

The form or appearance of an individual. It represents
the effect of external factors on its genotype.

POPULATION:

A group of individuals among which a larger or smaller
amount of interbreeding and gene exchange can occur.

PROVENANCE :

The source, or place of origin, of any particular lot of
seed. It implies the influence of genetic properties of
the parent stand on the growth of the progeny.

RACE:

A genetic type which· is adapted to the particular ecological conditions found in its range. Races are separated
from each other by partial discontinuities in the variation pattern. Mayr (1942) defines a geographic race
as follows: "A complex of interbreeding and completely
fertile individuals which are morphologically identical
or vary only within the limits of individual ecological
and seasonal variability. The typical characters of this
group are genetically fixed and no other geographical
race of the same species occurs within the same range."

SUBSPECIES:

Major morphological variations of a species that have
geographic distributions of their own, which are distinct
from the area occupied by other subspecies of the same
species.

VARIETY:

A morphological variant having its own geographical
distribution. This definition can not be considered inflexible, as some botanists have applied the term to I)
morphological variants of a species without regard for

5
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distribution, 2) morphological variants sharing an area
in common with one or more other varieties of the same
species, and 3) variants representing only a color or
habit phase.
In this study, the terms "specific gravity" and "wood density" are considered synonymous.
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P

ROVENANCE. In 1904 Peter Karl Schott observed that the varietal
question concerning Scotch pine had already been disputed far and
wide for more than a century. During the preceding century, however, there
had developed among botanists an increasing support for the concept of
provenance as races of the same species, characteristic of certain geographic
locations, climatic conditions, or elevations. It was often noted that Scotch
pine from different provenances exhibited pronounced physical variation
early in the seedling stages. Palmcrantz (1855), in relating his experience
with Scotch pine, declared that he had always found that the foreign seed
was coarser and fuller and the plants grew better than those from Swedish
seed. He also found increased vitality as judged by the increasing length of
the stem and the needles during the year.
These differences were examined in a more systematic manner by de
Vilmorin (1862). In an experiment in which he grew Scotch pine trees
of known origin, he showed that if one planted seeds of the same species
from different countries, one would produce trees substantially different
from one another in growth form. Grigor (1865) noted variations in Scotch
pine grown in Scotland from different seed sources. He felt that it was
a natural phenomenon, and wrote that it was only in accordance with a
recognised law to expect that seeds of Scotch pine native to Scotland would
produce plants less vigorous but more hardy than those raised from foreign
seed.
Interest in different races of Scotch pine was no doubt stimulated by the
controversy then existing between the theories of Jean Baptiste Lamarck
( 1809) and Charles Darwin (1859). Lamarck held that animals and plants
varied with changing environmental conditions, and as they adjust themselves
to new conditions, they apparently change their form. He thought that this
change within the organism was brought about by some inner drive toward
a certain necessary adaption. It was Lamarck's idea that organs used tend to
develop and those not used tend to atrophy, and the acquired characteristics
could be inherited (Strausbaugh and Weimer, 1947). Darwin, although not
entirely disagreeing with the ideas of Lamarck, introduced in his Origin
of Species in· 1859 the generally accepted theory of evolution based on three
premises: variation, heredity, and natural selection or survival of the fittest.
Plant scientists, such as Kienitz (1911) and Booth (1881), saw the op-
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portunity to bring together different geographical forms of the same species
to be examined in the light of these theories. Booth discussed the question of
provenance and its relation to Darwin's theories. He mentioned the findings
in Scotland and England with Scotch pine from different provenances and
stressed the need for further investigation of seed sources.
In 1882 the use of foreign pine and fir seed was forbidden in the Swedish
State Forests, and in 1888 a prohibitive duty was imposed to prevent the
import of forest tree seeds, it being considered dangerous to the forestry of
the country (Wibeck, 1930). Later, it was realized that not even native
seed of south Swedish provenances was suitable for central and northern
Sweden.
Certain geographic areas produced striking changes in trees from parents
which were normal in their own province. Von Sivers (1895) reported that
pine seeds from the Rhine and Main valleys produced only plants of
crooked growth in Livonia (now Latvia and Estonia), while native plants
had straight stems. He stressed the importance of seed source in Livonian
plantings.
As scientific techniques became more developed, precise studies of a
morphological and physiological nature were undertaken in an effort to
shed more light on the provenance question. In a lengthy report, Schott
(19°4) agreed that Scotch pine in northern, middle, and southern Europe
showed the kind of variations in form usually associated with varieties.
But he said that there were no outstanding differences in seed form, wing
form, and seed kernels which would show up in a sharp division between
different varieties. The forms appeared to be influenced and confounded
by climate and other factors in their original state, and when planted side
by side in one place, the Scotch pines of different provenances exhibited
increasing differences as seed sources were farther removed from each other.
Kienitz (1911) also believed that the types differed through reaction to
climate. He suggested soil as an additional factor, and included the development of the root system in his studies.
Wibeck (1912) suggested that some of the differences observed in Scotch
pines by previous investigators, including Somerville (19Il), could be
due to differences in the degree of maturity of the trees. He reported that
German pine excelled in Sweden by a very rapid growth during the first
years, but the growth rate gradually decreased.
In addition to height growth and morphological characters, the disease
resistance, winter coloring, and overwintering ability were studied by

8

REVIEW OF LITERATURE
Engler (1913). He advocated very strict control over seed provenance for
Swiss forests. Similar caution was urged by Wibeck (1913) with regard
to the introduction of pine seeds north of the locality where they were collected. Scotch pines grown from seeds transferred northward showed lower
seedling survival, poorer growth form, and decreased resistance to disease.
Schotte (1923) defined the limits within which Scotch pine may be transferred safely as not farther away than a 2-degree temperature differential.
This type of limitation was applied to differential elevations as well as
latitudes by Flury (1927). One reason for this restriction was advanced by
Wibeck (1928). He stated that seed sown in a region of more severe
climate than its origin gave rise to many crooked plants due to frost damage
and lack of lignification before winter. He was of the opinion that seed need
not be sown far from its origin for the effects of climate to become noticeable
in the plants, because a change in altitude had the same effect.
Scotch pine provenance studies were established in numerous locales in
Europe during the early part of the twentieth century, and the results have
generally confirmed those of earlier studies (Kaijser, 1927; Schwappach,
1927; Sokoloff, 1928; Eneroth, 1929; Gallot, 1930; Hess, 1933; Lautenbach, 1933). Schott (1934) concluded that the Scotch pine formed as
many races as there were climatic differences within its range.
Langlet (1934a, 1934b, and 1936) determined the dry weights of oneyear-old Scotch pine seedlings from seed of 580 different origins in Sweden
and found them to be directly correlated with length of growing season in
the place of origin. The percentage dry weight increased from south to
north. He found a similar correlation between length of growing season
and sugar content, catalase content, cold resistance, rate of growth, length
of vegetative period, survival in plantations, and winter needle coloration.
A continuous progressive series was observed in provenances from north
to south, not only in Swedish material, but in seedlings from 97 sites from
northern Norway to Spain. The theory was developed that distinct forms
or subspecies of Scotch pine can hardly exist, but that the population at any
place is composed of a majority of individuals especially adapted to the
local climate as a result of long natural selection.
Since 1937 there has been a flood of reports on provenance and the
results of provenance tests for Scotch pine, for the most part based on
growth measurements, both in Europe and in the United States (Stecki,
1937; Czoppelt, 1938; Dengler, 1938; Pohl, 1939; Littlefield, 1939;
Wagenknecht, 1939; Lindquist, 1940; Anonymous, 1941; Arnborg, 194 1 ;
9

VARIATION IN SCOTCH PINE
Jacques, 1941; Vincent, 1941; Lindquist and Runquist, 1943; Schmidt,
1943; Dengler, 1944; Anonymous, 1946; Koch, 1946; Rudolf, 1948;
Gorchakovski, 1949; Erteld, 1950; Nordmark, 1950; Wood and Pinchin,
1951; Jansen and van Broekhuizen, 1952; Carlisle, 1953; Cram and
Brack, 1953; and others).
The findings with regard to the provenance of Scotch pine were summarized by Langlet (1938, 1942-43), and they may still be considered
valid. He stated that pines from different provenances exhibit, if they
grow side by side, certain characteristic differences. Thus the northern
provenances, in comparison with the southern ones, are positively marked
by proportionately:
1.

2.

3.
4.
5.
6.
7.
8.
9.
ro.

Better overwintering capacity,
Greater resistance to parasitic fungi,
Earlier beginning of growth in the spring,
Earlier cessation of growth in the autumn,
Less total annual growth,
Straighter stem form,
Fewer, shorter, and weaker branches,
Shorter, broader, and thicker needles,
More sugar, fat, and catalase, but less water and chlorophyll in the
needles in autumn and winter,
More pronounced winter-coloring of the needles.

Langlet was of the opinion that further differences could be established with
regard to:
I. Bark strength,
2. Specific gravity of the wood,
3. The wood/crown ratio,
4. Relative development of the root system,
5. Relative phototropic reaction of the seedling.
Tracheid Length

Variations in tracheid length and the relation of tracheid length
to tree height in Scotch pines from different provenances have received little emphasis in the past, although anatomical studies of individual
Scotch pine trees have been reported for the last three-quarters of a century.
Karl Sanio (1872) made a systematic investigation of tracheid lengths
in individual stems of Scotch pine and found that:
10

REVIEW OF LITERATURE
Tracheids increase in size in the stem and branches throughout, from
the inside toward the outside through a number of growth rings,
until a certain size is reached, then remain constant for the following
years.
2. The ultimate constant size of the tracheids changes in the stem in
such a manner that it steadily increases from beneath to above,
until at a fixed height the maximum is reached, and then the size
decreases toward the tip.
3. The ultimate size of the tracheids in the branches is less than in the
main stem, but this depends on the fact that a particular branch which
originates in a stem at a height where the tracheids are large will also
have larger tracheids than a branch which originates at a stem height
at which the constant tracheid size is smaller.
4. Also in the branches the constant size of the tracheids in the outer
annual ring increases toward the tip, then again decreases.
5. In the cross section of the root the width of the cells first increases,
then decreases, then increases until a constant size is attained.
I.

These findings have come to be known as "Sanio's Laws," and later in. vestigators have found that they may be applied to coniferous species in
general (Hartig, 1895; Bethel, 1941; Liang, 1948; Bisset and Dadswell,
1949; Amos, Bisset, and Dadswell, 1950; Echols, 1955).
Tracheid length has been shown to vary among individual stems in the
same and in different stands. This has led to relating tracheid length to
various physical and mechanical properties of wood. Hartig (1895) suggested that spiral growth depends on the length of tracheids and the
manner in which the cambial cells divide. Mell (1910) considered the possibility of testing the "quality of locality" by observing fiber lengths. Tracheid
dimensions were related to strength and uses of wood by Gerry (1915,
1916), and by Lee and Smith (1916). Factors such as suppression and
spacing, which are known to affect wood quality, were also found to affect
tracheid length (Macmillan, 1925; Adams, 1928). Chalk (1930), however,
found little or no correlation between fiber length and mechanical properties
of Sitka spruce. His study was made with a single tree, and tracheids were
secured from tangential chips. Chalk's measurements for the tree followed
Sanio's laws very closely, as did those of Helander (1933) and Trendelenburg (1939) for spruce.
J ayme (1942) reported that the tearing strength of pulp is materially
affected by fiber length. Peteri (1952) found a closer relation to tearing
II
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strength of pulp by comparing the relative length of fibers to the widths.
No reference to a study was found, however, which considered the tearing
strength of pulps of Scotch pine as related to tracheid length.

Wood Density
The comparative testing of density and the mechanical properties of
wood has been a part of the field of wood technology for more than
a century. Chevandier and Wertheim ( 1848) designed some of the
earliest testing equipment and apparatus, and made systematic investigations
of both conifers and hardwoods. Some of the conclusions they reached
were: The mechanical properties increased in a constant manner, and sometimes very markedly, from the center to the circumference, for fir, whatever
its age, for pine, hornbeam, ash, elm, maple, sycamore, poplar, alder, and
in part for acacia. This increase appeared to be independent of age for
conifers. They found no regular relationship between density and age, ring
width, exposure, and the nature of the terrain. They also observed that in
the same tree the various mechanical properties progressed in a parallel
fashion, i.e., the annual ring with the highest density also contained the
strongest wood.
In 1888 a plan was proposed at the Prussian Headquarters of Forest
Investigations to investigate qualities of the woody stems (Schwappach,
1897). The study would determine specific gravity and resistance to mechanical stresses. Necessary procedures were worked out, and some of the
results were as follows: 1) Specific gravity decreases in a stem hom the onemeter level to the 24-meter level; 2) specific gravity depends on: height
above the ground, age, percentage of summerwood, provenance, and site;
3) compressive strength depends on: height above the ground, age, percentage of summerwood, provenance, and site. An almost linear relationship
was found between specific gravity and compressive strength; thus, as
compressive strength rises, so does specific gravity. Kalnin (1930) obtained similar results with Scotch pine from Latvian races. He stated that
the mechanical and technical qualities of the wood depended not only on
the age of the tree and the part of the tree from which the wood was
taken, but also on site class, on the forest type, and on the site in which the
tree was grown. He found some regularity in the specific gravity and in the
percentage of summerwood. There was also observed a parallelism between
the average values of the figures defining strength and the average specific
gravity values, or the percentage of summerwood. The experiments of
12
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Rafalski and Czernay (1934) generally confirmed Kalnin's findings with
Scotch pine wood.
One application of the term "strength" was indicated by Peck (1933)
when he stated that wood of high specific gravity resists wearing better
than that of low specific gravity and has greater nail-holding power. A
possible disadvantage of high-specific-gravity wood is its greater shrinkage
in volume. These properties were explained on an anatomical basis by
Trendelenburg (1939), who related microscopical dimensions to various
physical properties of wood.
The relation of specific gravity and crushing strength in Scotch pine of
different provenances was investigated in a limited number of stems by
Tiebe (1940) and Burger (1941). Tiebe constructed frequency curves for
specific gravity which showed that individual stems were mostly the same
or at least similar within a race, and that they differed from those of other
races. Burger also found a variation in density with different races.
J alava (1945) made a special study of variation in specific gravity in
different parts of Scotch pine stems. The results indicated that specific
gravity increases from the center to the periphery in the horizontal plane
and decreases from butt to crown. Similar results were reported for
plantation-grown Scotch pine by Olson, Poletika and Hicock (1947).
Wangaard and Zumwalt (1949) found a comparable type of pattern in
second-growth Douglas-fir trees. They reported, "Specific gravity, modulus
of rupture, and modulus of elasticity tend to increase outward from the
pith. The same three properties tend to decrease, rapidly at first, then more
gradually at increasing heights above the ground."
During the past ten years the relation of wood density, or specific gravity,
to growth characters and rate of growth has been widely investigated in
both conifers and hardwoods. Turnbull (1947, 1948) and Turnbull and du
Plessis (1946) considered the effect of rate of growth on density in pines
as a gross misconception. Kalnin'sh (1949) measured variations in properties
of Scotch pine wood grown under different environmental conditions. He
considered the species highly reactive to site conditions. Zobel and Rhodes
( 1955) found little or no correlation between growth rate and specific
gravity in loblolly pine, although there was a good correlation between
summerwood percentage and specific gravity.
The question of growth rate and specific gravity in conifers was examined by Spurr and Wen-yeu Hsuing (1954). They summarized the
subject by the following statement: "In general, it would appear that
13
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most of the variation in specific gravity in wood samples is due to position
in the tree, age at which wood is produced, and structural design of the
stem. Growth rate, whether due to position of the tree in the stand or to
site, may have an effect on specific gravity under certain conditions, but
its effect normally is much less than those of the above factors when judged
on a statistical basis."
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Source of Material

All of the wood samples used in this study were obtained from
17-year-old Scotch pine trees growing in the Fox State Forest, Hillsboro, New Hampshire. The trees were planted as a part of the 1938
provenance tests sponsored by the International Union of Forest Research Organizations (henceforth referred to as IUFRO in this study)
(Anonymous, 194Ib). Seed samples for the test were received at the Fox
Forest in May, 1938, having been shipped from Sweden by Dr. Olof
Langlet (Wright and Baldwin, 1955). They were sown in drills in
specially prepared soil, and they remained in the seedbeds for two summers.
In 1940 the seedlings were removed to transplant beds where they remained
for two additional years. The final planting site was selected in an area
known as the Vincent Tract, about ten miles from the nursery. This consisted of a number of old fields on a hilltop at an altitude of 1100 feet that
had been pastured by cattle up until the fall of 1941. The soil type was a
Paxton loam that had once been cultivated; it was found by test to be
virtually uniform over the entire area to be planted.
In the fall of 1941 the plots were surveyed and were laid out according
to instructions prepared by the International Union. Trees were outplanted
in the spring of 1942 when they were four years old from seed. They were
planted in plowed furrows at a spacing of 1.3 x 1.3 m., which resulted in
plots of 195-200 trees each. Additional rows of trees were planted near the
nursery for demonstration purposes and for replacing those which failed in
the Vincent plots. However, survival was so nearly perfect in all plots
that no replacements were made. There was very little maintenance (except
some weeding of plots) until 1951, when two men were employed to cut
gray birch and other weed trees from the plantation. The majority of the
plots was practically free of weed trees and required no attention. The
entire plantation at the time collections were made for this study consisted
of five blocks, totalling 143 plots, and representing forty-seven seed sources.
Forty-four sources were replicated two to seven times.
Selection of Sources

In designing this study of variation in tracheid length and wood
density among Scotch pine provenances, it was considered desirable
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to select a latitudinal range as wide as available material would permit.
Equally important, a regular distribution of sources both latitudinally and
longitudinally was necessary to determine the rate-of-change associated with
geographic and climatic influences.
Fifteen geographic seed sources were selected, ranging in latitude from
46 degrees N. (Italy) to 69 degrees N. (Norway; Table I). The sources
were distributed so as to include maritime as well as inland races (Fig. 2).
A replication of each plot was included in the study, making a total of
thirty plots that were measured.
Collection of Samples

Fifteen of the dominant and co-dominant trees nearest the center
of each plot were used as a source of material. This method of choosing sample trees accomplished two purposes: I) the avoidance of possible effects of suppression, and 2) the creation of isolation strips from
the remaining trees in the plots, thus reducing or eliminating the influence
of one plot on another. The use of dominants and co-dominants, in effect,
samples the final crop trees. Guillebaud and Hummel (1949) confirmed
this with their study of the development of Scotch pine stands. They found
that approximately 79 per cent of the early dominants remained dominant,
and the small number of dominants originating from other classes all came
from the co-dominant class. The 450 selected trees were banded with
aluminum, numbered, and pruned of small limbs up to shoulder height.
Four wood samples were removed from each tree with a special oversize
increment borer (Plate I). This instrument was custom-manufactured in
Sweden. Because of its large size, heavy pressure was required to force it
into a tree sufficiently deep for the threads to become effective. Several
pressure devices were tried. A "breast-plate" was finally developed which
was simple and rugged, consisting of a block of wood with a steel aligning
stud mounted in the center, as shown in Plate 1. The stud was slightly
smaller in diameter than the bore of the tube, and a steel washer at the
base of the stud served as a thrust bearing. To use the device, the stud was
inserted into the barrel of the increment borer at the T-handle. The cutting
tip was placed on a selected spot on the tree, and steady pressure was applied
to the wooden block by the operator's chest, leaving a hand free to rotate the
handle. A quick, deep bite resulted, and the block was removed, allowing
the threads to pull the borer into the tree.
The cores obtained were II mm. in diameter, and included wood from
16

FIGURE 2.

Geographic locations of the fifteen European parent races of
Scotch pine, the progeny of which were investigated for
variation in tracheid length and wood density. The numbers
shown identify IUFRO seed lots.

MATERIALS
the pith to the cambium. Samples were taken in duplicate, at right angles
(east and south directions) to minimize the effects of unequal diameter
growth in later analyses. One of each duplicate core provided material for
tracheid length measurements; the other was employed in density determinations.
All of the samples from thirteen of the sources were taken at a height
of 4.S feet above the ground (breast height). The trees from the remaining
two sources (IUFRO numbers I and 5) averaged LOS inches and 1.75
inches d.b.h., respectively, hence, samples were taken from these trees at
the I-foot level. Conversion factors were derived from measurements from
two plots where wood samples were obtained at both I-foot and 4.5-foot
levels. All of the data from the I-foot level were transformed to the 4.5-foot
level with the appropriate factors.
As the increment cores were removed from the trees, the duplicates were
paired, identified with numbered aluminum tags (previously prepared),
and the pairs were wrapped in heavy-duty aluminum foil to avoid separation
or loss of broken cores. The wood samples were immediately placed in large
Mason jars containing F.A.A. (a preservative-fixative solution consisting
of 2 parts formalin : I part acetic acid : 10 parts 95 % ethyl alcohol : 7
parts water). The aluminum foil "packages" were perforated with a steel
instrument so that the preservative could penetrate readily. In all, 1860
large increment cores were collected, along with data on height, d.b.h.,
and bark thickness for each tree used in this study.
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Statistical Design

In planning this study it was necessary to use a statistical design
adaptable to a series of experimental plots that were established thirteen
years ago. The first consideration was the use of material covering the
desired range of provenances; the second was the inclusion of a replication of each plot. Selection of plots was made on the basis of source data
before going into the field, and inspection of the material revealed no
pronounced differences in replications due to unequal influences of weed
trees, terrain, etc. Thus it could be expected that variations within sources
would be of a natural biological order and would appear in the analyses.
The plan adopted was a randomized plot design with replications in
the field, and with all treatments uniformly applied. Significance levels were
obtained by means of the F test. Interactions were not significant in either
of the major analyses.
Regression analyses were carried out for correlations, and significance
levels for linear and curvilinear relations were determined by means of the
F test.
Field Measurements
Data recorded in the field included height, diameter at breast height,
and bark thickness of each tree used in the study. Tree heights were
measured to the nearest inch with a telescoping range pole. The zero
index of the measuring pole was centered in a target which was clearly
visible from a distance. Alignment with the tops of the trees was accomplished with the aid of an observer stationed in a tall tree in or near each plot.
Diameters were measured at breast height (4.5 feet) with tree calipers.
The average of two directions was computed for each tree and recorded to
the nearest tenth of an inch.
A Swedish bark gauge was used to obtain bark thickness data. Again
the measurements were taken at breast height, and always on bark plates
rather than in fissures. Two measurements per tree were obtained and recorded to the nearest millimeter.
Tracheid Length Measurement
The increment cores were brought from the field in fifteen glass containers, each of which contained preserved material from two plots. The
20
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containers were processed one at a time, the wood being carried through
to finished slides before the next container was opened.
One increment core was removed from each paired package and placed
in an individual numbered vial. The cores were washed once with water to
remove excess F.A.A. fixative and thus make them more agreeable to
handle. Next, they were separated by growth rings and by early and late
wood so that of the five outer growth rings, the first and second (counting
from the outside inward) and the fourth and fifth could be utilized. Separations were performed under magnification. The material from these four
growth rings was combined as follows: The central portions of the late
wood from rings 1 and 2 were combined and designated L- 1; the central
portions of the late wood from rings 4 and 5 were combined and designated
L-2. In every case the central portions included most of the late wood, with
only the outer edges of the rings being discarded. The central portions of the
early wood from rings 1 and 2 were combined and designated E-l, and the
central portions of the early wood from rings 4 and 5 were combined and
designated E-2. Fig. 3 shows the manner in which the material was designated.
Wood from two adjacent growth rings was combined in each case to
permit measurement of tracheids from a wider radial area in the tree;
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FIGURE 3. Diagram of an increment core showing portions combined for
tracheid length measurements. X 1.5.
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also, the separation of early and late wood increased the accuracy of the
measurements. A previous estimation indicated that variation in tracheid
length between adjacent rings did not significantly exceed the variation
within either ring. There was, however, significance between rings once
removed.
The four combination samples from each increment core were macerated
in separate vials (20 mm. x 70 mm.) as follows: The wood was split into
small slivers about I mm. wide and placed in vials which were then filled
with Jeffrey's macerating fluid (equal parts of 10% nitric acid and ro%
chromic acid). The fluid was allowed to act at room temperature until the
tracheids separated easily. For early wood, maceration was usually accomplished in 12 hours; late wood required 24-30 hours for separation.
When the maceration had progressed sufficiently, the fluid was poured
off and replaced with water. A small piece of fine-mesh stainless steel wire
gauze was shaped into a strainer which could be placed over the mouth
of the vial and held in position while pouring off the liquid. The strainer
prevented escape of macerated material and greatly speeded washing operations.
Water in the vials was changed several times over a forty-eight hour
period, until no trace of the yellow acid could be seen, and the tracheids
were a gray-white color. The last change of water was then poured off and
replaced with a saturated solution of basic fuchsin and allowed to stand
overnight. Finally, the stained tracheids in the vials were washed with one
change of water and were then ready to be mounted on slides.
Clean glass slides were pre-labelled with the symbols designating the
appropriate wood samples before being used. For the final preparation, the
tracheids were gently swirled in the vials until they were thoroughly mixed.
A small amount of the material was picked up with forceps, and deposited
on the slide. The excess liquid was pulled off with the edge of a sheet of
bibulous paper, and two drops of sodium silicate solution (40° - 42° Be.)
were applied. The tracheids were gently teased apart and spread over the
slide with a needle, and a 22 mm. x 40 mm. cover slip was lowered into
place. A total of 3840 slides was prepared in this manner.
The combination of basic fuchsin stain and sodium silicate mounting
medium was the result of a search for a method which would meet the
following criteria: I) an aqueous stain which would produce brilliant differentiation in cellulosic material transferred into it from water; 2) a watersoluble or water miscible mounting medium which did not require dehydra22
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tion of material and treatment with solutions other than water as a prerequisite to mounting; 3) a mounting medium which would harden
quickly, which had a refraction index close to that of glass, and which
produced permanent, or even semi-permanent slides; 4) a combination which
prevented the stain from "bleeding" out into the mounting medium on the
slide. This was the most difficult requirement to meet.
The more promising stains tested included safranin, analine blue, orange
G, eosin, carmine, Congo red, haematoxylin, and basic fuchsin. Among the
mounting media considered and tested were glycerin, corn syrup, polyvinyl
alcohol, gelatin, and sodium silicate solution. Sodium silicate was the compound which proved most satisfactory if used for tracheids stained with
basic fuchsin. It was found that basic fuchsin is insoluble in sodium silicate
solution and therefore is precipitated upon contact. In effect, this mounting
medium "fixes" the dye by precipitating it in the form of colloidal particles
that form on the inner and outer surfaces of the tracheids and in the interstices of the cellulosic matrix of the cell walls. Of added interest, the use
of the above stain-mounting-medium combination permits observation of
the fibrillar orientation in secondary cell walls based on the deposition pattern of the dye particles. The sodium silicate solution hardened quickly
around the edges of the cover slips, and the slides could be handled within
a few minutes after preparation. Comparative microscopic examinations
failed to show any measurable changes in physical dimensions of the
tracheids after being mounted on slides in the above manner.
A statistical estimation of the variation in tracheid lengths in one growth
ring of Scotch pine indicated that forty intact tracheids, measured at random, would be a sufficient number for a representative sample, provided
that those from early wood and late wood were not mixed, but were measured separately.
Tracheid lengths were measured at lOX magnification, with the use of
a "magnascreen viewer" designed for this study. The slides were projected
onto an I I x I8-inch opal glass viewing screen with a photographic enlarger (Plate III). A slide carrier was constructed which permitted
microscope slides to be inserted in sequence and removed from the opposite
side after they were viewed.
The area of the viewing screen was divided into four equal parts with
finely etched lines. Ten tracheids were measured in each quarter by means
of an expanded scale device. At lOX enlargement the pointed ends of the
intact tracheids were sharply outlined on the screen and could be dis23
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tinguished from fragments or broken ends. Projection was from the rear,
hence the tilted screen provided a comfortable work area; the scale could
be placed directly over the tracheid for accurate measurement to the nearest
one-tenth millimeter. Tracheid lengths were recorded with a ten-key adding
machine which printed measurements as taken, and totalled the groups of
40 from each slide. Each group was labelled, and thus the printed tapes
became permanent records for later reference. More than 153,000 tracheids
were measured to obtain representative sample data for the fifteen provenances.
Wood Density Measurement

Density of the wood was determined by the standard method employing
green volume and dry weight. Previous comparative tests by Markwardt
and Paul (1946) showed that density measurements obtained from
4-mm. increment cores did not differ significantly from those taken
from standard 2 x 2 x 6-inch wood blocks. On this basis it was assumed
that the II-mm. cores used in this study were of more than adequate size,
and could be regarded as standard samples.
The increment cores were taken from the storage jars and washed with
water to remove excess F.A.A. preservative. Two positions were selected
for density measurements: I) an outer position consisting of growth rings
I and 2 (numbered from the periphery inward), and 2) an inner position
consisting of growth rings 4 and 5 (Fig. 4). These two positions corresponded to the growth rings used for tracheid length measurements in the
same trees. The wood in the outer position was marked with a spot of green
stain (0. I % solution of fast green in water) applied with a camel's-hair
brush. A red identification spot (0. I % solution of basic fuchsin in water)
was applied to the inner sample in each increment core by the same method.
The two samples were then separated from the cores and placed in compartmented trays along with the original numbered tags.
The green volumes of the density samples were measured to the nearest
one-thousandth cubic centimeter with an Amsler mercury volume meter
(Plate II). Direct readings were possible to two decimal places, while a
conversion factor added the third place. Only a few minutes were allowed
to elapse between removal of the increment cores from water and the final
volume determination; thus, any shrinkage due to drying was avoided.
From the mercury volume meter the wood samples were transferred to
compartmented baskets made of bronze wire mesh and were placed in a
24
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4. Diagram of an increment core showing the two portions used
for wood density measurements. X 1.5.

drying oven at a constant temperature of 105 0 C. for four days. Prior tests
with similar samples showed no further weight loss after this length of time.
After drying, the baskets of wood samples were removed from the oven and
swiftly placed in desiccator jars over phosphorus pentoxide, sealed, and allowed to cool. Hot wood samples will not give accurate weight readings
on a sensitive balance because of convection air currents and rapid absorption
of moisture from the atmosphere, accelerated by contraction of inner air
in the samples. The heat may also cause unequal expansion of the balance
members.
The problem of absorption of moisture from the atmosphere by oven-dried
material, due to protracted exposure, was solved by means of a glass plate
which replaced the lid on the desiccator jar, maintaining a complete seal.
A one-inch square opening was cut into the plate near the center, and this
in turn was covered with a movable glass slide. By sliding the glass cover
plate, the opening could be centered over each compartment in the wire
basket, and dry samples removed individually with forceps for weighing
without exposing the remaining samples (Plate IV). A Sartorius SelectaRapid balance was employed for weighing the samples (Plate V). With the
method described above, each wood sample could be removed from the
desiccator individually and weighed to the· nearest one-tenth milligram
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within ten seconds, thereby reducing moisture absorption to a negligible
factor.
Growth Rings

The widths in millimeters of individual growth rings were measured
in each increment core, under magnification. Measurements were recorded on paper tape with an adding machine, which provided a permanent
record. Early wood and late wood in growth rings I, 2, 4, and 5 (counting
from the outside inward) were measured and recorded separately, corresponding to the procedure used with tracheid lengths. The ring widths
were determined to the nearest one-half millimeter.
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Field
Differences in the physical dimensions of the trees from fifteen provenances were plainly evident on first inspection. The plots of far northern
provenance showed retarded height growth, but the trees had straight
stems and pronounced taper. Middle and southern provenances produced larger trees with less taper and with an occasional crooked stem.
Plates VI and VII show two of the growth forms encountered in this
study. Although they are the same age (17 years), the trees in plot 20
average more than twice the height of those in plot 5.
The trees from near 69 degrees north latitude in Finland and Norway
were the smallest, averaging 7.29 feet and 9.58 feet in height, respectively.
These two sources also had the smallest d. b.h. (1.05 inches and 1. 75 inches)
and the thinnest bark (2.5 mm. and 3.3 mm.). The tallest trees were found
in Polish plots (24.32 feet and 22.62 feet), followed closely by races from
Hungary (21.76 feet), Latvia (21.50 feet), and Rumania (21.42 feet).
The Latvian trees appeared to have the best form. The average heights for
the provenances reported here are slightly greater than the averages for
the same plots found by Wright and Baldwin (1955). This is due to
differences in sampling methods: they used a mechanical sampling design
which included suppressed trees, while the dominants and co-dominants
only were measured for this study.
Bark thickness was found to increase from the northernmost provenances
southward, attaining the greatest thickness in the trees from Hungary and
Italy. This followed the pattern for d.b.h. very closely, as could be expected.
The relative heights fell into the same categories that were established by
Wright and Baldwin on the basis of their 1955 measurements. They found
significant height differences between four Scandinavian groups, and between
seven additional European provenance groups.

Tracheid Length
With all other factors being equated or removed, it was found that
a variation in tracheid length did exist between Scotch pine provenances. This variation appeared most pronounced in the races originating north of the Arctic Circle, and the more northern races in general
showed greater differences than the more southerly ones. An analysis of
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TABLE VI. AVERAGES OF MEASUREMENTS OF TRACHEID LENGTH,
WOOD DENSITY, TREE HEIGHT, D.B.H., AND WIDTH OF GROWTH RINGS
IN SCOTCH PINE FROM FIFTEEN GEOGRAPHIC SOURCES

IUFRO
no.

Tracheid
length
(mm.)

Wood
density

Tree
height
(ft.)

D.H.H.

(in.)

Width of
growth
ring (mm.)

2·95
2·94
2·93
2.9 1
2.84
2·79
2.78
2.70
2·57
2·53
2.5 2
2·33
1.90
1.60
144

.35 6
.35 2
.340
.35 1
·355
·349
.35 6
·354
.35 2
·345
.37 0
.3 62
.3 62
·395
·375

24·3
22.6
21.8
21.5
19.2
17·7
21.4
17·3
19.2
17·5
15·7
13.6
10.6
9. 6
7·3

4·26
4·34
4.9 1
4·08
4. 11
4·04
4·06
4·12
4.08
3-9 6
3·64
3·34
2.3 I
1.75
1.0 5

3·3
4.2
5. 0
4. 2
4·5
4·7
4. 2
5.0
4·7
4·9
4. 6
4. 8
3. 6
3·5
24

20
37
25
II

31
8
34
6
9
3
7
46
2
5
I

Growth Rings
The average width of growth rings I, 2, 4, and 5, counting from the
periphery inward, was plotted against tracheid length in those rings, and a
very highly significant linear relation was found (Fig. 5). As tracheid
length increased, there was a gradual increase in width of the growth
rings. It would be incorrect to assume that ring-width depends entirely
on tracheid length, although mutual dependence upon other factors undoubtedly exists. The same may be true of wood density. When density
was plotted over width of growth ring, the linear relation was significant
at the 2.5 % level but not significant at 1%; the coefficient of determination
was .2268 (Fig. 6). Density generally increased with a decrease in width
of the growth rings.
Wood density is known to be more greatly influenced by thickness of
cell walls, relative size of the lumens, and other factors. In this study, the
physiological processes which influence the width of growth rings were not
examined. When it is considered that the age of the races was the same, the
spacing equal, the soil uniform, the climate, rainfall, and temperature were
exactly the same, then the genetic constitution of the trees assumes major
significance.
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Other Correlations
A close association with the latitude of the provenance was found to exist
for several properties of the Scotch pine trees in the test plots. The relation
was curvilinear in every case, with the maximum values lying around 52
degrees N. latitude. Regression analyses of the second-degree curves showed
highly significant correlations for the following (*** = exceeds mean
square error at 0. I % level of significance. ** = exceeds mean square error
at I % level of significance.) :
( I.) Logarithm of tracheid length over latitude of provenance (Fig. 7).
F
88.17***.
(2.) Logarithm of wood density ·ro over latitude of provenance (Fig.
8). F
9.47**.
(3.) Logarithm of tree height over latitude of provenance (Fig. 9).
F = 121.41***.
(4.) Diameter breast height over latitude of provenance (Fig. ro).
F
52.81***.

=

=

=

The relation of wood density to tracheid length is shown by Fig. I I.
An increase in average tracheid length was accompanied by a decrease in
average wood density. Although there is a high degree of significance between
the two properties, wood density is more closely associated with thickness of the tracheid wall and tracheid diameter, which contribute to
the actual amount of wood substance present. A similar correlation was
found between wood density and diameter at breast height. With an increase in d.h.h. up to five inches, there was a general decrease in wood
density (Fig. 12). The maximum diameter observed was not considered
large enough for a decrease in ring width at the periphery to materially
increase the average wood density.
One of the closest correlations found was that between tree height and
tracheid length. An analysis of the linearity gave an F value of 254.64, and
an r 2 of .90 (Fig. 13). Thus, 90 per cent of the variation in tree height in
the I7-year-old Scotch pine was completely associated with tracheid length.
As tree height increased, the average tracheid length at the 4.5-foot level
increased proportionately, up to a maximum of 3.01 mm. in trees 22.3 feet
in height. It must not be expected that such linearity would continue with
increasing age. Sanio (1872) and Trendelenburg (1939) reported tracheid
lengths not exceeding 3.60 mm. in trees more than roo years of age; therefore, the above relationship must be interpreted with caution.
33

DISCUSSION
that the dry-matter content varied characteristically with provenance, and
that the values obtained were correlated with the latitude and the length of
the growing period in the native locale of the provenance concerned. He
further observed that the length of the growing period was proportional
to the number of days with at least +6° C. temperature. Using the latitudetemperature relations, Langlet derived a formula for expressing the drymatter content of Scotch pine needles, based on a correlation coefficient of
.972, an extremely high value which, he observed, does not often occur
with such biological material.
The effect of latitude, aside from temperature relations, is one of daylength. Langlet (1942-43) emphasized that in addition to the other differences in Scotch pines of different provenances, with respect to northern
provenances in comparison with southern ones, there can be added: a photoperiod adjusted to greater day length.
There appears to be a definite relation between the period of growth as
influenced by latitude and the length of tracheids in the trees investigated in
this study (Fig. 7). In Table III the provenances with significant differences
in tracheid length were divided into groups, and it was shown that the
greatest differences in tracheid length were exhibited in trees from four
provenances located above 64 degrees north latitude. These four provenances receive from one to two months of continuous daylight during the
summer period, as compared with the remaining provenances, none of which
receives less than five hours of darkness during the longest day of the
summer (Table VII).
The geographic races of trees which made the greatest growth in the

TABLE VII. LENGTH OF THE LONGEST DAY OF THE YEAR AT
DIFFERENT LATITUDES IN THE NORTHERN HEMISPHERE

North latitude
90
84
78
74
70
67~

64
59
55~

deg.
deg.
deg.
deg.
deg.
deg.
deg.
deg.
deg.

North latitude

Day-length
6
5
4
3

months
months
months
months
2 months
I month
20 hours
18 hours
17 hours

50
46
42
37
31

deg.
deg.
deg.
deg.
deg.
25~ deg.
17~ deg.
9 deg.
deg.

°

39

Day-length
16 hours
hours
15 hours
14~ hours
14 hours
13~ hours
13 hours
12~ hours
12 hours

15~
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New Hampshire plantation receive a minimum of 8 hours of darkness in
their native country, as compared to the minimum of 9 hours of darkness
in New Hampshire.
It may be assumed that the trees which, as Langlet expressed it, are
adjusted to greater day length, are prevented from making rapid growth
by hereditary factors. It was unfortunately not possible to determine whether
the diminished growth of the trees from northern sources was due to a slower
rate of growth or to earlier termination of growth during the summer.
Initial growth in the spring appears to be influenced by temperature and
is independent of long- or short-day conditions (Wareing, 1951; Romell,
1926). Experiments by other investigators on one- and two-year-old Scotch
pine seedlings indicated that cambial activity is maintained longer in the
season under long days than under short days (Wareing, 1949, 1950, 1951;
Karschon, 1951; Vaartaja, 1954; Wettstein-Westersheim and Grull, 1954).
In the 2-year old seedlings, those from short-day provenances produced
more organic matter than long-day seedlings when kept in normal light
conditions. Vaartaja (1954) observed that northern seedlings of Scotch
pine grew better than the southern ones under continuous light. He suggests
that there are "photoperiodic ecotypes" which during evolution have
adapted themselves to the photoclimate of their environment. Thus, it
would be logical to attribute the lesser growth of the trees from the
northern provenances to earlier cessation of cambial activity during the
growing season, due to the natural day length decreasing beyond a critical
point for those trees. Wareing (1951) advanced the hypothesis that the
above effects result from the production of an auxin (or auxin precursor)
in the light, and the formation of an inhibitor in the dark. On this basis it
may be hypothesized that the rate of auxin production during daylight
hours and the counterbalancing inhibitor formation is a gene-controlled
process, and appears as a result of natural selection. There is also an indication of linkage with regard to winter coloration, needle size, and dry-matter
content.
From the remarkably high correlation between tracheid length and tree
height (Fig. 13), it would appear that the factors affecting height growth
have a corresponding effect on tracheid length. The causative factors are
beyond the scope of this study; however, it may be considered that a dependency of tree height on tracheid length could exist. Wardrop (1951)
and Wardrop and Dadswell (1953) have shown that where tracheid
length of the first growth rings of conifers was large, the tracheid length
continued to be greater in subsequent growth rings than in a specimen
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FIGURE

14. Similar provenances of Scotch pine, based on tracheid length.
Heavy black lines connect provenances with trees having
tracheids not significantly different.

FIGURE 15.

Similar provenances of Scotch pine, based on wood density.
Heavy black lines connect provenances with trees containing
wood not significantly different in density.

VARIATION IN SCOTCH PINE

(I.)
(2.)
(3.)
(4.)
(5.)
( 6.)
( 7.)

Resistance toward attacks of pine scab (Lophodermium) ;
annual growing period (length) ;
rapidity of growth (plant size) ;
size, color, and winter coloration of the needles;
stem shape;
phototropism in the seedlings; and
dry-matter content of the needles in autumn.

Two additional properties may now be added:
(8.) tracheid length; and
(g.) wood density.
Further study will be necessary to evaluate these features properly. The use
of second- and third-generation progeny and controlled crosses between
races will help to isolate quantitative characters and many of the linkages
involved.
This investigation of the variation in tracheid length and wood density
in geographic races of Scotch pine may aid growers of the species in the
northeastern United States by serving as a guide to the geographic races best
suited to their purposes. If wood of high density is valued over rate of
growth, the more northern provenances should be considered. Relatively fast
growth and lower density may be secured from races in the Latvian-PolishRumanian group, while a compromise is possible in the case of trees from
southern Sweden and Italy.
Trees from Latvia, Poland, Hungary and Italy not only provide wood
with the longest tracheids, but the first three provenances have exhibited
superior height and diameter growth in the New Hampshire plantation.
In conclusion, it must be emphasized that the observed properties hold
for 17-year-old Scotch pine grown under the stated conditions. The condition of the same trees at 30, 60, and go years of age will be influenced by
resistance to both parasitic and other external damages, and by silvicultural
treatment of the stands. The possibility that currently latent genetic aberrations may appear after twenty-five years or so has been raised, and this
points toward future studies and observations that will greatly add to the
field of forest genetics.
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SUMMARY
I. Scotch pine (Pinus sylvestris L.), also known as Baltic redwood and
yellow deal, is widely distributed throughout Europe and parts of Asia.
It exhibits many .differences in growth forms, which have come to be associated with geographic locations or provenances. A review of the literature showed that the northern races in general make less annual growth
than those from central and southern Europe. In· addition, the northern
provenances are marked by greater resistance toward snow and ice damage
and low temperatures, by straighter stem form, shorter branches, shorter and
thicker needles, greater dry-matter content in needles, and a more pronounced winter coloring.
2. In 1936 the International Union of Forest Research Organizations
decided to repeat on a large scale an earlier provenance trial with Scotch
pine. One of the plantations established from seed supplied by the International Union was in the Fox Forest, Hillsboro, New Hampshire. In 1955
the trees were 17 years of age, and distinct differences in physical development were evident between the plots of trees from the forty-seven sources
represented. Tree heights ranged from less than 10 feet to around 25 feet,
according to provenance.
3. For this study of variation in tracheid length and wood density in
geographic races of Scotch pine, fifteen provenances were selected in the Fox
Forest plantation, ranging in latitude from 46 degrees N. (Italy) to 69
degrees N. (Norway). The sources were distributed so as to include maritime as well as inland races. A replication of each plot was included in the
study, making a total of thirty plots that were measured.
4. Wood samples were obtained in duplicate from fifteen trees in each
plot with a large (II -mm.) increment borer. They were fixed and stored in
F.A.A. Field data on tree height, d.b.h., and bark thickness were recorded.
One increment core from each pair was macerated, and the tracheids were
stained and mounted on slides; the other core provided wood density measurements.
5. A viewer was designed for measuring tracheid lengths. It consisted of
an opal glass screen onto which a microscope slide was projected from the
rear at lOX enlargement by means of a photographic enlarger. Wood density
was determined by the green-volume, dry-weight method.
6. A very highly significant variation was found in tracheid lengths

45

PLATE SECTION

PLATE I
A. Large increment borer (I I -mm . diameter) and extractor. B. "Breastplate" device for application of pressure to start instrument into a tree.
C. Standard 4-mm. increment borer and extractor.

PLATE II
Amsler mercury volume meter.

PLATE IV
Desiccator ja r contammg wood specimens for density measurements.
Square opening provides access to individual compartments in tray.

PLATE V
Arrangement of equipment for weighing samples directly from desiccator.
Specimens were removed from the baskets and placed in the weighing pan
with the left hand, while the right hand manipulated the control knob to
obtain weight readings.
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